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1 

^*ss;)^n/i*»fc*it**:>. ansax'^i? hJ^/^7>- 
•&'>/<£< it)-^CDgTW. S«It2*J».i:0t>'h$t^^«:) 

(ifi*3S3i KfiLti.mpitn^yi'-h,\zi^n\^i^ 

-5' *HiliSa^ft: bAcfiti:^*«fiE Ufc^ 2 coa- H >^ 

J7 « 5 1 Wi^^gUBJaS <!: l^xa^ fkT S il t 
i» <»: 1--5. if 7 - ^' W^fk:^^. 

Zfit**. -rp(D-tJ-:/7 u-AWX'^i' 

-5'i*JI2ai=^(tUfc(a<!:<OM^J-fI#^:}i«!>. fltIs2M5> 
m^*^*WBtL/iS 2 tOa- i7«:fflt%Ta^ft 
■r 4 C <!: S: ?# a -r -5 7 p< - S# fk:^ ^. 



(2) l#H^4-3 6 3 0 0 0 

2 

7 a^-fk-r -5 ¥ai €ff -r 4 7 ;< - ^fkjis 
ic*3UT. mz'^^ hJi'a^fksiriiits^fi^SiBien 

A7;*-5'??^(kaa. 

>'t7^-3'i:ftnse'^i' hJua^^^kfaicos^fi^^Ex* 
7a^^fk-r€>#©t^w-r5§^/t7/-:S'fif^fkgs 
ic43i»T. BiiE:^*7aTfk^eic*3i-»T;?.'^i? 
7P<-^'«&:*aTfflaii}swa^fkfs«:ai^-ri¥e 

-:J'Oa^fkfi!ffi*(^IE-r^>^e<i:. fttllSa^ikfiSlCJ: 

4aTfkig«:^*^j6€>nfe;>:&ft:tta«Lni2»fas 
$ s /h { k r •£ a ^ (k a « ?ij * fu :^ r 4 ^ e t ^ w T d 

20 i:€4*i»<i:T«>irl»>'t7;<-5'??^fkSa, 

ut. ^!Ms.'Spm^\zn\^x7.-^^v)^\,nv:f.-■9^l' 
7 a^ fk-r -6 ¥a t sr*-r 5 If 7 ^ - ^^ff ^fk«s 

«c*3t^T. fltjia^i; h)vmi-\tm\zi6\-i^=f'ib^tb^t\ 

ttmvLnn- Y^tf K^Kos^jcwumiex^^a^fk 

ic *3 It S a^ fk «S ffl 4 ^ 46^ * 6 nfe * /c i:^ s * ^> 

5'coft;*:ftrs[»isi«roa^fcfii*ai^-r-5#©i. sfi 
a^fkiBHs-SEiErs^ai;. mseaTfkfacji^ai^ 
{kr 5 a^ fkM jsjij «r ffi 5 i & wr -5 d t 

(0 0 0 1] 

40 - h. *#IC8 k b/sKTXSifiH«C^^fk-r4&^?? 
^{k:^iC «c -r -5 1 sixDif^/t 7 - ^' 3#<k:^^ii J: 

[0 0 0 2] 

U- hTf^^fk-Tii^iCiUTfi. WAfi. M. Sch 
roeder and B. Atal KIC <fc-5 "Cod 
e-excited linear predict! 
on:High quality speech at 
very low bit rates" (Pro 
50 c. ICASSP. pp. 9 3 7 - 9 4 0, 1 9 8 5 



(3) 

3 

i^) tmLtz'^lC (5C9UI 1) K I e i j n&^\zJ: 
^"Improved speech quality 
and efficient vector qua 
nlizalionin SELF" (Proc. IC 
ASS P. pp. 155-158. 1988^) tML 
fz'^y: (5:«2) i?(;2Se$nTt^^CELP (Cod 
cEx cited LPC Coding) f)^^ 'b MX 
iMflffiiiTii, yu-ixS (mA,^i 
2 0ms) \zs^m^f>^^^^iB^<r>x^^ h)li^\t^ 

[ 0 0 0 3] C E L P:^*cOt: V h 
[0 0 0 4) 

fi^>y^L PC/^^^-5'$:fi^fbr5. a^ftr*<tLT 

C«^Sa[$:l^{fr^t^»C:7U'-A^(3 3 4 e-y H (1. 30 
7kbXs) eacof y hSCT^^^^S-C*-:)^, CELP 
(/>t'-y h!S$:4. S k b / s &.T\Zi&mt-t^ftibiZ\t 
7.^^ h^/t^/-5'<7)b:-y hlS^T^^K 0 teat" ^ 

T, Mori y aKlcJ:^ "Transform co 
ding of speech using a we 
ighted vector quantizer," 
tmi^fz^X (IEEE J.Sel.Areas.C 
ommun. . pp425-431. 1988 ¥) (5: 40 
K3) l?tClSa$nrc'^^ h^U-X;^^a^{tft/c£^'?^^ 
fS3g$nTCv.5;i^ ^nrt^^l/'-A^fcO 2 7 -3 0 
e-y hS«Ot'*y ha;5<*:'ST*0, ti-y S U- ht^iS 

(0 0 0 5] $6>tC. K^l^/tv^-iJ'C^ftT-fttC 

h)V(D^mt^'&it^&ftf\z^TZtf>^@MtfJ^ 

[0 0 0 6) *^^^C?58Wti. JtKeLfcfS1S.«$:»» 



t#M¥4 - 3 6 3 0 0 0 

[0 0 0 7] 

3- ^i^^ \^ )l<D^^ii:\ZtiLX'AtlL±»X^m^f:^ 
[0 0 0 8] m2<D^miZ^^'^P/'iy;<-^nmt1f 

^\t. xtiLft'SPfm^yu-L.iz^mL. m^yi^ 

isb^tlfz'^ikrz^'fzftsb. SrilBX'^^ h;u/'«^^-5'$:a 
jaaS<75Zi-Hyy^co^'a8f8!}SiKT^L, StlfB^S 

mwtiikwz^iri^'pu< ^fe— p<?)gTt^?s?a<^ffio:3 

^it\ztii.xmmtm±t^x^mm^^i^^ ^fisssfss 
(0 0 0 9] m2(o^m^z^^'BP/^y ^-^^^mtyj 

-/37 u— AC0'>;'c£< 1 1> — ^(z-:?i^TftiJl2#^ff ^tc*t 

—:P(7)-y-:r7 U-ACOX'^i? h;U/^^^-^ 
«^UrcmicOa-H:r^y^^fflt^Ta^ft:L, fl!ic0'> 

-5 1 ^ i i I N » 1^ J5 S 5: ffi ^ T a T { k r ^ C <h ^ a 1" 

[0 0 101 S4<oa^tz<t'5^^/^^pc-:?'7?#fk:^ 
•77 U'-'ix(D'pr^< t h-'':>^^'^^''X^S[%^'SP^^\zn 

«PtU/^Slcoa-K:^-y^€:fflV^Ta^ftL, ftS<??'> 
Sni2a^ft:Lfciia:<OM»ft^^3fc5^), ftifSSS^tfa^^ 
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5 

[0 0 1 1 ] S 5 c7)aqqjcJ;^if|&/^^pC-5'?^^n:SI 
con- H-c^ h^l^coS-erlC^^LWEX^^fi^ftl^Hslt 

[0 0 12] m6(D^m\z^^'^pn'7 /^-:$^nmt^ 
m^imm^^jEr^^mt. mzm^itmiz^^m'F 

[0 0 13] ^7 (D^m^Z^^'SP/iv ;<-:$^nmt^ 

mt. \:hLrz^pm^^yu-L.{z^m'r^^mt. 

e*i/::;>:a^*tt*5i>^^St. mi^7.^C^ hJl/^y :^- 
-^tmtz^^ h;i^a^fk{a<bco^»m^^&x;^^a^ 
itT^^mt^^^r^'^p/^v;^-^nmtm&\z^\.^ 
T. ftfiie-^^ h)im^its\zH{^^^s^mtb^nfim&, 

(OiJ-K'S^ hJK^&>«rtC?tL9tll2X:^^a^fl:(C^tt 
mi7stJym^it\Zi6i^rx^^ b)l/^^A''^<D 

^ a ^ ft® « ^ iii :^ T ^> #e <h WT -5 C i: ^l#eS <!: 
[0 0 14] 

[0 0 1 5] 0 1 (i, s 1 <Dn^^<o:^^^Kmr^yo 



(4) 4#BB^4 - 3 6 3 0 0 0 

6 

(Zii^aco»i^i^M (LPC) i^Wft^m^^^Ctfi^X 
c:zxx^^ hjiny ^-^ t\^x\tm^<r>^(r^ 
tm^nx\^^^n^. z:LX\tm7s^^ (lsp) 
:^-9^m^^xisim^no. \.SP<r>M.^&^U^W 

ftli. W<tKeiC<i:^ "Quant i zerdes ig 
n in LSP speech analysis- 
synthesis." (hSL/lsfeX (IEEE J . 
Sel. Areas Commun. , pp425-4 

10 3 1. 1 9 8 8^) i^^A) mi^-m.xt^. 

[0 0 1 6] 5t?lg8l 0 Oti. LSP^P:*A:^L. K 

;*:7tro5i'giiu (K<p) , K'^Tt-r-DcyLsp^^c^ 

1 5 0 - 1 - 1 5 O -N^K:*5cSlC^s6«egL 

(0 0 1 7] 
[Kl] 

a>' I =6)' 1-1 4- A6>' jj 

[0 0 18] C CCilco* ij li, Ky-y^i^tC'&^n 
^ j Sgcon- h)VXh^. 

[00191 ;ic"crr- 1 5 0 - 1 - 1 5 0 - 

SUTlSfiETa. ¥ScO:^ffiti, 0iJAtfLinde. B 
uzo. GrayftlCjc-S "An algor i thm 
for vector quantizationd 

e s i gn" tm\.ft^:sc (xsRs) m^^mxt^. 
[0 0 2 0] h>ii/a^fbg8i 1 ox\t. K^Tcftid 
;*STa^fbs*n-S[T^. 

[0 0 2 1 ] 

[»:2] 

D = Z -6)' ij] > 

C0 0 2 2]c;iTwi tiA:/3 L/:: I :*B«OL S P. 
<^L S PTfcS. ^9 h;ua^(kS8l 1 0T^ia2 
J®tCMaSlli;^T^. »tS3iH-»g5l 6 OTtS, K^*:7C 

[0 0 2 3] 

[as] 

50 




7 

i-i 

(0 0 2 41 g'h?>J^i|8B 1 7 0 X\t. ««SE E $:S/h<b 
[0 0 2 51 ;5ctcm2c7>S^CDfPffl^SK?^-r'5. S2C0 

s^m^^A:^ urn - K^-y ^^-c^-r.^/^f^a/ctoTu 

l^T. S2 ^IBl^TSS^r^. 

(0 0 2 6} aizist^T, P;>:7C<?)X^^ hJl'A^/- 

LTW^U/:::^ 1 c03-Ky-yi7 2 1 O^ffll^TS^^b 
-r-S. CCTZI- 2 1 0<7>a- hJU j iz 

ai;^-r'5. «S£S2 2 0 ti, MaiOiSffiaDS-^sr HOl^ 

cn^S 2 hJl^S^{kSS2 3 0'vai:^T^- 

^2<0-<i7 hJWa^fl:g52 3 OTti. lSSm^$:"P«^>^ 

PBlco^$J^^-r^2con-Hy >i7 2 4 0- 1 -240 
1. 3S2«:ffll^^. set-. K;*:7C»I::. »2iDS;!i^/h 

^. sfssn-KS82 5 0-cii. i&eTai:^$nfcMa 

cofglSt, 2Sg-CK:*5t:Stcai;^5n/i:<g?fficD±Tc^ 
iffl^-ttlC*rLTS«li^lfSCf ^. g/h*Jjg'lg82 6 or 

[ 0 0 2 7] CCT, miC75n-K^-;/i7(0^gli, V 
U--- >yffl(^ Pit COLS PIC^tUTSflEXSR 5 
TfT9. S^, S2con-H3^y^co^Sti. SSMti^ 

(0 0 2 81 m3(O^B^tC^^l^^A^;*-5'?^ 

(0 0 2 91 @ 3 Ji, ^3coa^a):^^^Stt^T'5:rD 

•yi70-CS'2>, A;^Ufcir^fi^^iF663£5?)e»n;t^roT 
fico^U--^ ({H^tJ3 0-4 Om s) ICJJ-SIL, ^ 'i) 

-A (fi?il;tfi5-8ms) iC^fflU, 7 U-Art<??'>^ct 
< tt>-0<7)-tf:^7U-Air*tLT, /^acOLPCJ^W 

iUT. :7 U— Al^a)2 tXT^i^-y^ U — AfC*f LTL P 




*$M¥4 - 3 6 3 0 0 0 



B 

P^^U-AIC-Ptr^TL PCJ^ST«:r^t><Oi:r^). 
fcX'^i? hjpy^^ / — 03(?5^7'3OO. 305 
^iitTA:^r^>. ga?^3 0 0;5^t>1tr^7 U-A®cOX 
^i:? h;i'/^^;^-5'«rA:^ ffl^ 3 0 5/i^eS)#SO 

10 ^V)\^th (LSP) y^^/-5'€:fflt^Tlft^^ff ^. L 
S Pa)A»6<J/<tU'^ffi(i. mi2X«4^^#BBTi'^o 
'^i? h;ua^{kg8 3 1 Oli. i3-h2yy^ 3 2 0 (^1 
(0:]-H:/-y^) -SrfflV^T, A:^ Ufc L S P /'^ ^ / 
Sr'S^ KJUa^fkT^), ^-K:/v^7 3 2 Oli. h 
r:>^ffl(^^aa)L S P/^^;*-5^J^?<l«:fflt^T^i?)^ 
SLTtS^T-S. 0i|AtfWia3tS«5^^ 

ti. a^<0t>O;i<a<E)nT(.^'5/>^ CCTtiLSPC02 
L S PC02SEg«liT^T^K.en 

a? ^. 

[0 0 3 0] 
[»4l 

Di =2: I LSP ( I ) -LSP'j(i ) } ^ 

(003 1] ^CITLSP (i) tiA:^U/:i i :;^gcoL 
SPe^S^/T^r^ LSP' J (i) lla- 
f'S j SSOzi- hJl-TfeO. j=l-2» (B 
tizi- K^y^^COf-v hSt) T*^» St4$:S/Mbf^ 
hJU^a^3 4 0;5>^6Ua:^T^i:^tJw* 'T'^l 

'>:^ h;n^{kg8 3 3 o^=baiV7-r^. 
(0 0 3 21 ^an^^ h;ua^{tS5 3 3 o^i. 

a^{kS8 3 1 0cotti:f3 3- K'^^^ KjuiffiSc^F- K:/'V 
^ 3 6 0 (3-H:ry^?2) ^fflt^T. iffl^3 0 5J:0 
A:^ Utft!lco-tfy:7U-AOL S P^?i|«:^i^lL. 

(0 0 3 31 
(K51 

D. -p^l LSP ( I ) -LSP' ( i ) • A»(i > } * 

yS^t 1 = 1—2**'^ 

(0 0 3 41 aSJC^t^T. L S P* ( i ) 
a^ftSS 3 1 0T5R«6fcn- K'^^' ^^^T&^• A 
t (i) tiffiSScn- Hy-v^7 3 6 Oco^r^ I SScO^i 
- K'S^ h;i/T*'5. h;uaT{ts?3 3 0 

a:5^a/hfkT^»»3-K^^7 hju^**, cn*=>^ 

<i:LTSi^3 5 0;5^6ai:^-r^>. ^St3-Ky:y^3 6 
OOi^^^afi, hU-->yfflLSPfi^tC«LT, 
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9 

[0 0 3 5] ^tz. m<oyjmtLx. nmmmm^m^^ 

2at:«^tt6n^. -'Z>\t. K:/-y ^ 3 6 0 <h 

ff^nf^i^:]- K^y ^(D^gffill. m^MSi, S. Wang 
Kb IZct^ "Performance of nonl 
incar prediction of speec 
h" tm^fz^X (P r o c, iCSLP. pp. 29 

- 3 2. 1 9 9 0 ^) (^ai?6) ^^pmx^^. ho 

I s o g; b il ct^ "Speake r - i ndepend 
eniword recognition using 
a neural prediction mode 
I " ^SL/ii^S: (Proc. ICASSP. pp. 4 
4 1 - 4 4 4, 1 9 9 0 ^) (X^7) mi:^mxt 

( 0 0 3 6] S4 <OSBJ(Df^^lc:p ^.^TlftB^r 

^» a5[5S4cO%t|^cOffffi^7r-r:/P'y ^7^Tfe^. 

m4<D^mx\t. ^5)-^^ h;ta^{fcg?4 7 0, n^^zi 

[0 0 3 71 h)im'^{tSi4 7 0 It, ffl^4 0 

5;i^6A:^L^^L S Pm^\t^C7 hA§t^itB4 1 OIC 

[0 0 3 8] 
(»6] 

LSP, ( I ) =-LSP ( i ) ( 1 ) 

[0 0 3 91 CCXB\tlVJ.T(DiE(D^?SLX$>^. tAT 

[0 0 4 01 ^5^m^LSPe (i) iZ^LX. 

- ^ 4 8 0 ^fflUT^^:? hJl^gi^ftSrff 
Xm^:^''}^^^^ 4 S 0\t. g^J^L S PO) h > 

iRLCti^m^4 5 0/>^btli:^-r^o 

[0 0 4 1] s 5 coKB^of^fflico v^Ti;i0flT 
^. sen, m 5 <D%m(omf&^yf^rya -^^mx^ 

^. «^ 1 0 1 ;:>^bA;^U^c§^^ff^S:^i6^«6 6n/r 
^PolSO^U-A (0i|A«3 0-4 Om s) \Z^m\^. 
L S PJ^^ttgB 1 0 STtiSacOJ^Wfi^frC^X^^ h;i^ 

C wT(j:^X^i7 K>iU*t (LSP) /^^;<-5?€:ffli^X 
a^^fTP. L S Pcoa»M/<£fi-af4li, ^IBXS«4^ 
h^ia^ftSBl 1 Oii, ZJ-Hy-y 
^ I 20^m^^X. XflVtzLSPnv ^-9^^^ h 



(6) »#M^4 - 3 6 3 0 0 0 

co^acoLs p ^'-9^.m^my^^x^it>^'si.x» 
ajt^^nTi^-s/t^ dCTiiL s pa)2 ssis^fflt^<s, 

L S P<D2m^m\tT^X^?i'otl^. 
[0 0 4 2] 
(tt7l 

Di {LSP ( 1 > -LSP'j (I > ) » 

l-l 

10 [0 0 4 31 ZZ.XLSP (i) Lft \ '^E<7) L 

SPeSS^Tj^t*. P\tLSPCD'.k&X$>^. LSP' J 

(i) (iD- H:/*y^;>^'^r^ j K^i? hJl^ 

X$>0. j = l-2" (B(i:3- Ky-y t^COhi'y h») 

1 1 0 li. ilt«^tl/cr3- h;U^iF-r'r >7'^7;^ 
j ^7.idym^it^l 4 OtSS^l 5 S^lti^ri^. 

20 [0 0 4 4] «g:?g 1 3 0(i, A:^coL s PtstR^rn 

tn- K^i' h;Pc75ffi<i:^«^LTSMfa^e ( i ) 
[0 0 4 5] 

(as] 

e { 1 ) =LSP< i > -LSP'j ( i ) 

[0 0 4 61 X;^^S^ft:g5 1 4 Oti, n-H^-y^S^ 1 

2 0iC;fcUT^i6^ai)bn/tMaS (M^2» : C C T 
Btin - Ky-y ^ 1 2 0 (Ot'y ha^^f) coa - 

^7 h;i^co&^tc^*LT. aSLggi 3 oir<ton-SL$n^ 
«Mfi^co5^:miBfflt;*:a i ®twiP*:>^iSLT^<, 

^mx^^. $6(1, H;ba^-ft:S5 1 lo/i^^aa:^ 

T, ;>:a i StC^a6S«e)bn;t h'-y ha^ffll^Te 
(i) ^X;07ft^ft-r^o -E-LTX;f7^a^fl:Lt*g 

1 4 5'N^iii:^T^. 
[0 0 4 7] *lcm6(^^^OfPfflfz-::?i^TI«B^t-^. 

S7lj:, m6co^^co«^^7nt*:/P -y^I^^El-C^)^. 0 

[0 0 4 8] X ^ ^ a^-ftSB 1 3 5 ti, 1 3 0 CO 

tB;^Tfe'&?l^m^e (i) (i^tLT. :^>:a i SiCjgS 
ft^cOi¥aEl5B^^i6^SLT^3<. e (i) 

^X;^ 7fi^{l:T^<i:^l'Ii--^<^<l:olcfT^. *a i S 

&^>:aSic, ;^;jC{cJ:*9. x;^ ^a^ffc:oa^ftiaco& 
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(7) 



?#M^4 - 3 6 3 0 0 0 



U 



12 



(00-191 
[tt9] 

D»« ( I ) = Ce ( i ) -e*«< I ) ] » 

[0050] CCT. c". ( i ) IJ7.*7a^<t8§W 



[0 0 5 1 ] 

[ai 0] 



LSP ( 1 ) <LSP (2> <LSP(3) < 



<LSP (10) 



[0 0 5 2] w<TiOtlH«:?'lfflUT. i ;>:TcoS^(b 

dc '. ( i ) Srfflv^T i - 1 i^rox/j^S^fkSroa 

[0 0 5 3] i - 1 *T(OL S Pro??a«SHWg;>; 

ril> i *T-WL S PO'^ 5^ h^W-T.^^a^ftdJ^tb 
•.t. B(|sES;k(i5= i ^TCDL S PO'^vi? hJW-7>;'3 7S 

[0 0 5 4] JLii!:<0:^,-£Tai^(t»5ffi«:S'lP8-rsc<ti: 
(0 0 5 5] ^.fflSH-^gSl 6 5Tli. i>:^(ZfflEl.K X 

[0 0 5 6] 
(Sill 

Dk =EDso ( i ) 
1-1 

[0 0 5 7] 3e>lC. S«li^S'h{krSJ;C)/J:(SJS«r 
->:aSi;*A-C0i:^c0 7.*7a^<kfii«:Si!^ 1 4 5*^ 

[0 0 5 81 •^\Z. m7 WfeBflC^)f^ffl«C^^,^TattH31- 
S. 0 8l±. m 7 <7D^^»t«fi)c€:5pT:'a -y {'Strfe 
•5. 0i:Ji5l^T. B6. 7 <l:Pl-C0S^«:f4L.fc«BRS JO 
Sli. 0 6. 7 t|S]-(73»|f^€:-r4ro-Csft?^fi*BS-r 
■5. S(Ci3UT, 7.;'37a^<tgSl 7 Sli. n-h^^y 
^ 1 2 0 IC^3t^T^8<>^*^*l/::MliS (M<2« :C 
CTBlin- y 1 2 OCOt' v haSr^ST) coa- 

H ^ S ^KT? & «C W b r . iiiS:!? 1 3 0 IC <t 0 It^ S 

<. seic. '"Ciz h;i.g^fi:S8 1 1 oA^eai^'jsn/^-f 

i S(;^5:)^A^>n/ify ha^rffl^^Te <i) ^7.fl 

vi^fk-r-&. $ ■iiz«Mm^o;j)5:asii7>:^7a^-<i: 40 
ftsgeswu. ^}s^«:S'h<t-r'5a^-ft:is^!>:as(;* 

J<);ne.£l!S^- 1 4 5A^'5lB:/jT-5). 
[0 0 5 91 ±SSlSI3i:-fcl'^T. 3-H:/y^l 200 

[0 0 6 0] 

[HJfiCTl @9 tiS 1 0»^tC«J:^)#^/^7/-^'f5^ 50 



(0 0 6 1] SC^t^T. A^iffli^S 0 0A»e)#^tS^ 
17U-/>^J- (esjAlf2 0ms) roif^fi^ 
S:/Sy7 7^€'J 5 1 0\Z^^-ti>. 
[0 0 6 21 LP C^fflHlSSS 3 Oli. 
ft#0;^'<i7 UT. LSP 

/-5'4ft!lia7W-AO^^Ii^/i»e>JMfflWL PC 

[0 0 6 3] LSP a^ fkESS 5 4 0 ti. 7 U- AT* 
4<)/i:L S P/^5^t-^«:^*S«>^*^^S'i^<kk' y ^a 
-ca^ftL. I i4ai:'3!S^-5 5 0;6^e.ai:^r 

-5. 

[0 0 6 4] 0 1 0(SL S Pa^ikESaS 4 0ro«fi£* 
jSt":^D-yi7 0-C*-5>. BICfcV^T. A:^S8i^6 0 0A» 
b7 U-AWL S py-C^ J^-$'«:P^*A^t"-5. 

[0 0 6 5] 5t«i|lslgS6 10 ti, L S P€:P;XA:^ L. 
K-Aftr^^Vii^ (K<P) . K:*7cT^<0LS P€r-i 

^7 h^i^a^^kESse 2 0'^iii:^-r«>. hjua^fko 

gS6 2 0rfi, J^«4a (0»IA«N) IC«;SL^NSSCD 
3_p:/.y/76 50-l~650 - N€rK:;A:7cSJC^s!) 

fcf -y SaTSS'2>?i5S<0:3- H'^i' h Jl'A^ n 
OfC. LS PW;^<:aPfl(OSi^«i€:STJ:^ICt«/«l-'Cfc 

<, ->:/7 hjwa^^fkmae 2 0-cii. lspwi^s^i^ 
6K;^:5taica2«ct;£u^a^fks*itstt. a^^ik^w 

1 lcS£l.^n-K:r->f 6 5 0 - 2 S-ffl^^T L S P S:^ 

L. a2ic«£i'^a^-{kii«*«!>- a^fksw/hst»i®ic 

[0 0 6 6] gw^if-siEisse 6 0T«. K;>:7tS(rai 
5KfflM*a 3 ic J; 0 if #-r 4. 

[0 0 6 7] g/h*i)9llH]SS 6 7 OTli. SWUSrS'bfk 
[0 0 6 81 m2<OS6^tO||JfiWrosftW€:fTt>. 

0 1 IIS. ^2(7)ai3<D#^/^^;*-^f5^<k:^^^^ 

ifiT-575^(kSS(O-0i|«rif.-r^D-y^'0'J'«'*- 
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[0 0 6 9] 0 1 1 CDL S PS^ftESS? 0 0(^ftfp^ 
to 0 7 0] El 1 2 JCiSUT, ^fm^,mt^(7)&&\t- 
^ 7 0 5/)^6A:^U, m\ (D^^ hJl^'Fit^^l 0 6 
UTlM£tLycm 1 7 l O^ffll^TS^ft 

\^-h-t^. 1^^18 7 0 7 ii. Ma<7)gfi£0&4r(coi^ 

c:n^5^S(|[B}?S 7 1 2^tli:^-r«)-. 5^f'][H]SS7 i 2 
TJi, P:X7ccoKMm^^^i!^)m«;)6Mr^K;j(:7cSlz5J' 

ar^ (K<p) . m2<D^^ K^ua^ftss? i st 

C03-Hyyi5^720-1-720 -N«:ffll^T^^ft 

^^K*7cstc^^ hr.a^ftr^. zz'cm(r>sfn\z 
1-^. ftf^e<3/.f«fFtis 1 oc^-:i7 hjua^ftsae 2 

(0 0 7 1 ) ^f5mH-^[HiSS7 5 OTIi, Igg-C*:^ 
$n/tMa<7)®JS(h, 2SiTK:*7C^t::ai:^$n/:::<g 

[0 0 7 2] 0 1 3(iS3co%^(3cfc^^>^/'«^;*-rS^ Jf? 

[0 0 7 3 ] mzi6\.^X. A:hm^S 0 0^6i??^ff^ 
*A;'3L. I :7U-A5^^ (WAtf 3 0-4 0ms) COl^ 
^m^^/^y 7 7;<^:'J 8 1 OtCtSJAT^p 

[ 0 0 7 4] ^yyu-ix^im^s 2 o\t. ^u-a 

8ms) IZ^Pir^. 

[ 0 0 7 5] L PC5tt?rCs]5S8 3 0 li» 'E>ny:t 

t^yyu-AiiLS mpL'<^^4<DO, s)) o#?sft^o 

rf^^'T^sb^st^titz'ASiPrz^ii^^r^. ccomt^wnc 
ifM'ti\z'D^^x\tm%iicsiSi4^^^m-r^ztA^v^ 

[ 0 0 7 6] L S PS^fkEsJKS 4 0 1^, yi^-IxX^ 
^fzL 5 P/^^/-:$^$:^s;)^3?:>e,n/ca^{bf*y h» 

xst^ftL. ^rzpr^\^ ^{ht>^^s 5 o/)^^iti:h't 
wa. iEzf iz ^ mxmmx ^ ^ h)im^ ft ti. so 
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X. ^9\m-<c^ b)im^it^ifoh<r>tr^. 

[0 0 7 71 014 tiL S PS^ftSSSS 4 Oco«fiJ$ 
^•r:/Dy 0(C;tel^T> Xiim=F9 0 Of)^ 

[0 0 7 8] i^im^ 9 1 0 ti. L S P €r P*A;^ 
K:*7cro5^aL (K<P) , K*5c-r^(^LSP^^ 
^ h^Ufi^{b[s]K9 2 0^ai;^1"^. h^bM^ftlH] 
5S9 2 0TH. iftiSL (fl?iiA«N) IZ^fPL-tNSSco 
3-K:^*vi7950-i-95 0 -n^k:;*:5cSii^«?) 

:x&L^'\<Dm^m^^-rj:o\zm^r^. c^bcou-K 

[0 0 7 9] 
[ftl 2] 

6>' I =a>' i-i +Aa>* I 
[0 0 8 0] Z3- K >^'y 9 5 0 - 1 -9 5 0 -Nli, 

X. 'AmBi(Dm^m^hi^'-:z>^mmiLx^^Lx 

[0 0 8 1 ] ^tz. l-JbS^fl:[£lK9 2 OTfi, K 

to 0 8 2] 
[»1 3] 

D=^Z [0)1 ij] 2 

[ 0 0 8 3]CCTo>i tiA:^ Lfc i ;>:gcDL S P, 
a)LSPX&^. hJ\^m'¥-im^9 2 OX\t. LS 

pco i^^gT^^^K^^CTcs ^cas (ca£v>a^ft:ii«:tf^ 
^m^a^Lftrnz. 'AcoK:X7tx\t. Hmm<D&^m^ 

}mmtLXlSL4\ZVtl^^-\^':fy^ 9 5 0 - 2 ^ffll^ 

XLSP^mv. »5tcSEi^aT(kS^&*«i), a^fkli 

[0 0 8 4] SfflliH-^g59 6 OT^i, K'^TtmizOl,^ 

[0 0 8 5] 
(»1 4] 

[0 0 8 6] S/hia]5?il{s]K9 7 OTti. 

[0 0 8 7] if^ffl'K^ h;i'a^fl:0S59 9 OX\t. ig/h 
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'mm^9 7 0(7>iii:^n- l^^C^ K:/y 

tt-SX^^? h;l./'?^;<-5'coa^<t{S<hUT«^ 9 9 5 
[ 0 0 8 8] El 1 5ii^4(7D5£B^(Dl^^A^;<-5'f?^ 

K 1 0 0 OlZ^^^COT, L S Pfi^-fblHlSS 1 0 0 OOSi 

[ 0 0 8 9] 016 c^v^T. ^ 1 5 

'^SST^. i3 1 6tl:fct.%T, ^^^^^ h^ua^'fkSSSl 

0 1 Oli, 5S^9 0 5^€»A:^U/iiffi<01i-:/7U-A(0 
L S P^^li:. S/h«S'l[H]K9 7 Ocoai:^<h(OM5J'<i^ 

1^ 1 0 2 o-£:ffluT^i7 hjua^ft€-fTt^ &f-{tm^ 

g/hffr^:3- K^^ g/h¥iJ55'llH]K 9 7 0 (Dtti 

h;W^^3a^9 9 5 e.ai;^r'5>- 

[ 0 0 9 0] mi 7nms(r>^^M\zj:^^^/^y^''9 

[ 0 0 9 1 ] I^iC^t^T, A:^^^ 1 0 l;5^b^^{i^ 

^/^-y 7 7P<^'J 1 0 3iC»SST5o L S PiJ-ffESS 1 

<i:LTLS PfSK^*i6^. 
[ 0 0 9 2] ^^^7 h)l&^it^^ 1 1 2 tt, n - 
1 2 0€:ffll^T. A:^LtLS P/S^/-^'^^^ h 
)im=Fitr^. 3- ^ 1 2 Oti. hU-:i>^ffl 
0^ac75L S P/^5p<-i^*3?i)^fflt>T^fi6^SUT« 

>:?(;>t)CD;i<jD6nTt^-5^^ C CTtiL S P 2 

^rffll^^). gt7 ^/JN$ <'r^3- H'^i^ 

[pJK 1 3 0^£tl:^T^. :iCT. n- H^^ h;l'{ia7 

ft(E3S8 1 1 2 iMtR$nfc:3- h^U^^r-f > 
T^^X j ^X;^^a^ft:lH]5S 1 4 2i:ffl^ 1 5 

[0 0 9 3] ig^[ElK 1 3 Oli, \:h<OL S Pi:S«$ 

(i) ^*56cn^a5:^T5o 
[ 0 0 9 4] 7.Ji^m^it^^l 4 2\t. a -H 3^ 

1 2 0 ir^l^T^5:)^a?>€>tl/^MaS (M<2» : 
TBilzi - K^-y^ 1 2 OOh'v ha^r^j^T) OZJ-H 
'S^ hJtc7)S>!7 ICWLT. a^Cl]?S 1 3 OlCciiOtf^:^ 



26 



/it'v ha^ffiC^T c (i) «:X;^^a^{l:T^, 

[0 0 9 5] Jk\Z. S6C0a^C0g|Jgesj$:S 1 8 ^^t^ 
Tia?^r^>. a 1 8tr:fcV^TS 1 7 <h|5]-C0§^$:WL. 

/(? (0 0 9 6] X;^5a^ft[H]SSl 4 3 t^, SStCslH 1 3 
0<^ai:^T&^JS^m^e (I) lC*tLT, i 

T, a^fkii^tts L-^ a^fbsco/h$i.^niicMa!is 
(^rTM<L) cD^ji^^fii), Kat^S'^ric^tr^a 

ffl(7)JSTjS'^;tJ;^lcKffla5fil$:ffli^^Ta^fties**'l 

[0 0 9 7] sfaMtf^iHiK 1 7 S T ti, ail tcse 
A:^^a^^ffc(iio«^a(^&^»^s4t-TJt^5^)yca^ft 
3i^&;*:a«i3^«[L/tsfa^^:H-»r'5o 

[0 0 9 8] 4yJS»][E]Kl 8 mIfe^tt^«:S/Mb 
t'-S<*:p>^i<SB$*aStr5R56, ci(D<h^cox;^7a^ 

[0099] 019 ti, S7 coSB^<D^Jgfi?*J^^-r :/n 
•y i^^EI-Cfc-S. 0tCi5t^T. 1 7, I8<h|5]-C0#^ 
$:ftLfc«^S«H. a 1 7, 1 8 <i:[5)-<Dftf^€:r^ 

[0 10 0] giizisi^T, xyj^aTfksss i 9 5 

n-H:/vi7 2 2 5t-^l^T^fi«)Sie)6n/!:Ma!S (M 
<2» :CCTBIln-Hyy^225(^t:^y ha^^n 
f) (;>a- H'^^ hJUcOS-^rtCsttLT. 1 3 0 

J:Olt»^tl-5SSm#c0^^jli5ffl*:;^a i 
S La^^tl5fflx-y;H 6 5 ^KirtLT^ <. ^6 
iC, ^0 K;i^a^itlB]K 1 1 2 A^6ai/3;55n/::i' >xi7 
Xj€:fflt^T, CCDa^(bteBeMO#x.T, ;*:a i S 
[C^«)>£36^*l^c f-v ha€rffll^TS5^fi^e (i) ^ 
X;f3^a^<tT^. ^ eicS8^ft^Oi>:a©t::x;^^a 

agia<7)a^(kfa^*36, cn^fflu^x i - i;*:*^^^? 

[0101] sa^tf^sss 1 7 5 Tfi. a^fbesco 
gMcos/rtcsuT^a^tca^fts^-^^wr^*. 

[0 10 2] 1a|9i[H]3Si 8 x>X\t. aW^^S'hik't^ 

a^ffc{a^;*:asn*«6-n6^a^ 1 4 hiy^^)&-h^ 

5(? [0 10 3] ±if0cO5IJ?^J'CiD'^:/iWrttJL51'*zt)ffi^c^ 
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10 1 0 41 1gSge«J-C!ilf?^OTX'^i' h>U/^7/-5'i 
^. esixtiPARCOR. LAR. tr X h v IxU H ^ 

(01051 LSPwa-K'^i^h ;uroJS5gic 

^X*. pp. 1 9 5 - 1 9 6. 1 9 9 0«P10«) 

[0 10 61 Sfc. mi. 2C0^?q«||Jgffi|T«. 
[H]88lC*il»T. P^7cO/'?7;<-^'*K;^7cS»C1^^5^ 

[0 10 71 it. S 2 ©S6BqcD||;^^|lCiJV»T, 7 
-AC75L S Pjf.KCO'^Ci^ h;i.s^{tii«2S:K)'^i' 

[0 10 81 x/t. m 1. ^2n^m<j>nmm'c\i. s 

ftTIJ±T©{S}Sa«.\P ) . -eCT. 2SB(755>iim 

[0 1 0 91 it. ±TWg:<0'>:i7 h;i'a^-fb8§*^>«'» 
[0 1101 it. KiJ^TcSlC^i^ hjua^fk^fr^t 

co^gffiiLTja. iijffie»jTiie'<t:^ffi«^i3. tjcot 

[0 1111 
[Stl 51 

0 = 2 C«, - {«' i-i +Aca* I M " 

[0 1121 it. fiisisacoffl^-frroa^tcfi. jga 

(0 1131 it. 'Si; h)V§L=f-itmii\.T\t, 



i^sct t>r€-5. cnecDtagtaigigtfk^tosffflico 

i»T;J. O^Atf R. G r a yR:«C^-5> "V e c t o r q 
uaniization. "ta Ut^X (IEEE 
ASSP Magazine, pp. 4-29. 198 

(0 1 1 41 (Si. S 1 . 2<D%?«(73||JgflR|IC*3C^T»i. 

a- H:/yi7 1 i'Nii. L S pro;^:ScPelco 

^i^^&a-rn- H:/-yJ? ^fflu^fisncov^Tlftl^Lt 
A*. LS P^-eoiiSrrj-Kr^-y^'Sfflti-SW^i: 

[0 1151 itS3. m4CD|?qq<D||i5gW»C*3t^T. 

S'h^Ji&iiHjK 9 7 0 i=f-m^^ I- ji-ai^fkiHiK 9 9 o ^ 
■5u(aM^j-'>ti7 hJpa^fkiHisii 0 1 oa3?£^tc^«i3 

■tt. 'Si; h;ua^ft[slK9 2 0Tai^Ut®}S<O&-**C 

*tuT. ^si'^i' hji^a^fb. *)-5)i^f±M^'<i' f'-'i-a 

a^{t:»cJ:5a^ftig*inSLTiKSiSr*st>. g/h*'J^ 
0K9 7OT. eS*aW><k-r •2.3- K'^^' h^KOiffli 

[0 1161 it. 'Si; h;ua^<klH]SS9 2 OWSi; H 

r-S^S'Si; h;i.ai^fk<»:IIJS«<7)$^*l'S^' K^l-a^'ft 
30 <l:S:ia*^*2-e-Tfc<tU. 

[0 1 1 71 it. I^JKOTTti. 'Si; h^i^a^^kEKs 
2 0ICi5l'^T. &J>SiIScO'Si7 h;l.a^{tTM(SOT{^}i 

WlwJa;fer2> (OTA«3^^8liriit:iS?SScfaM' ) . ^ 
dT, 2Sg(D^J-mP*t?ti, SSS(cS?aSS:*<*. 

s«so/|N$u«sic7^«!)Si«>f>iit-;g<o^}ffia (ffiiA 

(0 1181 it. ^TroJ^«y«Ci5l'>T|g}i€:**4<S> 

ri±/i<. ^si)Ss:)^nt»f9©'Si7 h;ua^-fkS«0Jif 
(0 1191 it. KiJcTcSiC'^i' K;ua^ftsff 
cO^SffiiUTti. lli5g6»JTiit;'St:^jS«^1-IC. T^O 

50 h U-r.>i;'(t^5^w^fkL/i*<e^ST-5Ci:t>t*5 
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20 



CO 1 2 0). 
[&1 6] 

D = £ Ccoi 



(01211 ^/l, D-\':/y^t^9mn^^^'^tS: 

[0 12 2] ^ft. nJ&m(DifVm^9 1 0IC*3t^T, i(7 

[0 12 31 ^fz. mmi^m(r)^^'^<oMmz\t. 

[0 12 4] m3(0^m<om)^m(DJ:o\:ili-y 

s a oK^ir*^^ "Matrix quantizer 
design for LPC speech us 

ing the generalized Lloyd 
algorithm," iSUAc^X (IEEE T 

rans. ASSP. pp. 537-545. 1985 

^) (>cs)ti 0) ^^mr^^. -7h^)^7.:2-\^:/y 

(0 1 2 51 ^^c, S4<7:)^^CO*]5£CTiCi5l^T, »6 

(0 12 61 ^fz. h;i^a^^btc-fctt^^KRS. 

[0 12 71 %tz. yv-U(n%'fi^^^zt^\^X7.^^ 40 

(0 12 81 »5aL^m7<;)«?qtCi3t^T, 



K'S^ h;Kc-:>i.^Tli*iicoa^{fcl5H^^fii>Tt>ct 

t^^. it. a^fteffl^^^i^'t^^^»i< x'^^^hju/^ 

t^;*:atc»LTa>^^imuT*3*, ^nwnco;*:St{c« 

(0 12 91 i/t, :7U-A^^-n<i;0 t>Sl^1^■^:7U 
fflUTX'^^ h;U/^^;*-:?^4a^ft:l^. <a<?5'>^c£ < ^: 

C7)X^^ h;i./'?^/-5'(;)a^fk®tii*(D7U-AT 
05X^^7 h;i.y^^>t-^coa^-il:fSi:*SWffigtS>^t'^t^ 

[0 13 01 

[^^OJcfliai Iw. ^lco»?qiCcfcn 

ai;^U, ±:;>:SScic^tt^&tg?Sc^a^-ti:ir*f-r^a^"(l: 

aT. tt^cOct^^a^ft8ff^t§Wr^C<i:;&<T#^<h^^ 
(0 13 11 it. S2(7)^^TIi, CCO«fi£€:^Sia 

[0 13 21 ifc. ^3<?)^^tc^ntf. ^^o^x^^ 
h;mtt^S-rx^^ h;u/^^;^-5'^a^<bT^^^ 

TX'^^i^ hJl'/^7/-:$'^S»t^a^fl:"C#^<5:*iC. 
R3a;{t t> a ihFiC g-r - <h ;i^T # ^ :^ ^ >^£X?)* 

(0 13 31 ifc. S4<D%^TIi. m^^<r>^^y\^ 
-U(n7.'<'P V}\^ny g^ft^^'^i' H^'Ua 

a'C:^'^^ hJU/^^;*- ^'^Sff ica^ftT^^t*^ 

[0 13 41 it, ^5--^7C0SaB;i^nti. 
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[03] S3£7)J%^;Cct^^^/^^>-:$'f^^ft:^^CO it? 
[04} 7 U-iU<h-t^:/:7 U-A (7)H(S«:Sr0Tfe 

f ^ ffl .7^ f y a -y ^7 0 T ^ • 
ffl W T 5 1 :/ Q ^ 0 T ^ -5 • 

[H 1 0] 0 9OLS PSTftEKcoWfigSTTFT^n-y 
[0 11] m2<r>^mz^^=SPnv :^''^umt:f5^ 
[0 121 0 1 lcOLSPS^ft[5]KcDWJ5£i&7Ttr>^D 

[0 13] SsosBjicic^g^/^c^z-^'^f^fk:^^ ^6? 
^ n ss T ^ 7? ^ f k a <^ - ^: r y □ y ^7 0 T & . 

[0 1 4] 0 1 3 c^L S Pa^fl:[E]SS<7)W«€:^"r:/a 
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[0 1 5] 38 4 c7)j?^icJ:S§F/t^j)C-5r?:j^ft:^^ 

[0 1 6] 01 5(0LS Pa^ftSSiT^WBE^^n-ryD 
*y^70T*^. 

[0 1 71 m 5cDSB^co§^y^^>-5'f?f^ftSSO- 
[01 8] m6OS^C0^^/^^/-:$'?t^fl:gg<D- 

ussw^^r^/'D •> i70T*^. 

[0 1 91 S 7(DSfB^cD§?^yt7/-:$'??^{tSS<7)- 
HJgW^^FT^D -y ^70T*^. 

(?^^CDWti^] 
1 0 3 /\-y7 7^^U 
1 0 7 LSP^^WSK 
112 h;l.flT{t[H]SS 
1 2 0 

1 3 0 «SlE]^ 

1 4 2, 1 4 3. 1 9 5 X/J^a^{tlE]K 
1 6 5 a^ftSSfflr— T^Jl. 
1 7 5 SW3iltSL[E]SS 

1 8 5 mmfs 

5 3 0 LPCi^WtHlK 

5 4 0, 7 0 0 LSPS^ftliJS 

6 5 0.7 2 0 13- 

6 6 0. 7 5 0 ^«liff-^[H]S5 

6 7 0. 7 6 0 a/Myj«'llElS 

7 0 6 Si <D^C^ N^l^fi^ftSSS 
7 0 7 ages 

7 1 0 micoii-H:/^^ 

7 1 5 S2co-;^7 h;usTftlElSS 

8 1 0 y\*y7r /^U 

8 2 0 ity7U-A5J^»i[pISS 
8 3 0 LPCJ^WESS 

8 4 0. 1 0 0 0 LSPS^ftSK 

9 2 0 '^i? h;ua^ft:0SS 

9 6 0 SfflHlhSLlElSS 
9 7 0 g/MalS'JSK 
9 8 0 9h»^-}^yyi^ 

9 9 0 ^ffl^^:? h;uM^^fl:[H]SS 

10 10 mif^^ h>!UfiTft[H]SS 
1 0 2 0 S5j^a-H:r-y^ 



[0 4] 



[0 9] 



(0 11] 



0 1 ® 

1 

1 — 1 
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\Seryff*7\ 

4W 



(0 6] 



^ LSP LLI Kil- I Q-T" 



120 



r 



140 



.145 



J 55 



10 1 r^Q5 1 r^^o 1 

<fll LSP J. '^^KiV T!^^ 



130 jfias 



LSP 



■165 



«9£ 



120 



145 

u 

155 



[0 81 



[@ 1 0] 



4^ 



I I f-no 1 13 

LSP -L. '^^ h/V — 



30 £J75 



Tyi2o 
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165 
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